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Background & aims: While most studies have shown increased mortality associated with excessive red/
processed meat consumption, the association of saturated fatty acids (SFA) intake with mortality is less
homogeneous. We aimed to prospectively assess the association of both, meat consumption (red, pro-
cessed, red þ processed, and total) and SFA intake, with the risk of all-cause death.
Methods: We assessed 18,540 participants of the SUN (Seguimiento Universidad de Navarra) cohort,
followed-up for a mean of 9.5 years. A validated 136-item FFQ was administered at baseline. We used Cox
models adjusted for potential confounders.
Results: We observed 255 deaths during 176,916 person-years of follow-up. Age modiﬁed the association
between meat consumption and all-cause mortality (p for interaction ¼ 0.027, 0.075, and 0.013, for red,
total, and processed meat, respectively). Among participants aged >45 years the fully-adjusted HRs (95%
CIs) for one additional serving/d of red, total, and red þ processed meat consumption were 1.47 (1.06,
2.04), 1.23 (1.05, 1.45), and 1.32 (1.05, 1.65), respectively, with signiﬁcant linear trends (P for trend 0.022,
0.012, and 0.018, respectively). In these participants, SFA intake was non-signiﬁcantly associated with
mortality. However, isocaloric replacement of monounsaturated fat or carbohydrates by SFA resulted in
signiﬁcantly higher mortality risk. Likewise, replacing 100 g of vegetables, fruits & nuts or cereals by
100 g of red meat resulted in higher mortality risk. No association of meat consumption or SFA with all-
cause mortality was observed in participants younger than 46 years.
Conclusions: Among highly educated persons, aged >45 years, a high consumption of red, total, and
red þ processed meat was related to increased all-cause mortality, compared with those with low
consumption, whereas no signiﬁcant associations were found for SFA intake. Dietary guidelines should
speciﬁcally limit meat consumption and not relying only in limiting SFA intake.
© 2017 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.1. Introduction
In recent decades, meat consumption has increased markedly.
Data from the Food Agriculture Organization show that meaticans; FAO, Food Agriculture
on Cancer; SUN, Seguimiento
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~43.4 kg/person/year in 2015 worldwide [1], with values as high as
~125 kg/person/year in the USA [2]. After World War II, meat
consumption expansion was mainly observed in industrialized
nations. However, most of the global increases in animal-source
foods, comprising meat, take place in low- and middle-income
countries [3].
Though there is evidence of the drawbacks linked to excessive
meat consumption [4e18], its nutritional value as an optimal
source of protein, iron, zinc, B- and A vitamins is established. For
example, iron and folate contained in meat are crucial in the pre-
vention of anaemia. Yet, a high intake of haem-iron frommeat mayism. All rights reserved.
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been linked to the development of colon cancer [4]. In October
2015, the International Agency for Research on Cancer of theWorld
Health Organization (IARC/WHO) classiﬁed red meat as “probably
carcinogenic to humans” and processed meat, as “carcinogenic to
humans” [5]. Numerous [6e18], but not all [19e22] epidemiological
studies have reported an association of red and/or processed meat
consumption with all-cause mortality or cause-speciﬁc mortality.
Meta-analyses on this association conﬁrmed a signiﬁcant positive
relationship [23e26], although they also showed between-study
heterogeneity. None has speciﬁcally compared young and old
groups.
Increased cardiovascular (CV) risk related to high consumption
of red and processed meat has been linked to their high content of
saturated fatty acids (SFA) [27]. However, considering SFA intake as
a whole may be misleading because diverse food sources of SFA
have shown different impact on CV outcomes and mortality risk
[26e29]. The potential controversies are mainly explained by the
macronutrient that is substituted for SFA [30,31]. Based on this
knowledge acquired in nutritional research, the current 2015e2020
Dietary Guidelines for Americans (DGA) recommend limiting SFA
intake to less than 10% of calories but they give almost no speciﬁc
recommendation on limiting meat consumption [32]. As it
happened with some other dietary guidelines, when the recom-
mendation for optimal health is to increase the consumption, the
message is straightforward, but the language is not so clear when
foods should be reduced.
In light of recent research in this area and of the possible im-
plications for dietary recommendations, we aimed to prospectively
assess both, the associations of meat consumption (red, processed,
red þ processed, and total) as well as of SFA intake with the risk of
death in the SUN (“Seguimiento Universidad de Navarra”) longi-
tudinal study and to asses if age was an effect modiﬁer of this
association.
2. Subjects and methods
2.1. Study design and population
The SUN project is a permanently open dynamic cohort with
prospective design, recruiting university graduates. The cohort
started in 1999 with follow-up obtaining biennial updated infor-
mation. Details of the design andmethods of the SUN project can be
found elsewhere [33,34], which has been performed in accordance
with the Declaration of Helsinki. The study protocol was approved
by the Institutional Review Board of the University of Navarra. Once
a university graduate is invited to participate with a mailed ques-
tionnaire, his/her initial response is regarded as informed consent
to participate. After the initial assessment, participants receive
follow-up questionnaires every two years on diet, risk factors,
medical conditions, and other lifestyle parameters. For those par-
ticipants who do not respond to a follow-up questionnaire, ﬁve
additional letters are mailed.
The present analyses were performed by examining the last
available database as of the 1st of December 2015, corresponding to
22,476 participants. We recruited participants who had spent
enough time in the study as to be able to complete and return at
least the 2-year follow-up questionnaire (>2 years and additional 9
months to account for the lag time in returning the questionnaires)
and we excluded 798 participants for this reason. Participants were
also excluded from the analyses if they reported total energy intake
out of pre-deﬁned limits (800e6000 kcal/d for men and
500e5500 kcal/d for women) or if they left 20 or more items in
blank from the FFQ (n ¼ 1512) [35] or they were lost to follow up
(n ¼ 1626). The ﬁnal analytic population included 18,540Please cite this article in press as: Dominguez LJ, et al., Should we reco
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recruited at least 2 years and 9 months ago returned 1 of the
follow-up questionnaires).
2.2. Dietary assessment
Dietary habits were assessed in the ﬁrst questionnaire by a
semi-quantitative 136-item FFQ formerly described in detail [36].
The questionnaire has been repeatedly validated [36,37] and its
reproducibility has been assessed [38]. Nutrient scores were
calculated as previously reported in detail [36e38] utilizing infor-
mation on the latest available Spanish food composition tables
[39,40]. In the semi-quantitative FFQ we explicitly included serving
sizes (in grams) according to the typical serving size of each food in
the Spanish population, corresponding to 125 g of redmeat,125 g of
white meat, 50 g of processed meat, and 100 g of total meat. The
meat variables included consumption of white meat (chicken,
turkey, and rabbit), red meat (veal, pork, lamb, liver, viscera (offal),
hamburger), and processed meat (dry cured ham [Serrano ham
type], cooked ham [York ham type], sausages [salami, mortadella,
blood sausage, spicy pork sausage, würstel], bacon, pancetta, pate),
as well as total meat considering together all types of meat. Sources
of SFA in our cohort are shown in Table 7 (supplemental ﬁles). We
adjusted SFA intake for total energy intake by using the residual
method separately for men and women [41]. We adjusted meat
consumption for total energy intake as an independent variable in
the main analyses and by using the residual method in sensitivity
analyses.
2.3. Other covariates
We also included in the analyses other covariates assessed in the
initial questionnaire, such as anthropometric measurements
(weight, body mass index [BMI]), socio-demographic parameters
(age, sex, marital status, years of university education), clinical
variables (personal history of depression, hypertension and/or hy-
percholesterolemia at baseline, history of cardiovascular disease,
cancer and/or diabetes), health-related habits (physical activity,
smoking status, alcohol use, following special diets, snacking, and
hours of televisionwatching), and year of entering the cohort. Body
weight and BMI were self-reported and have been formerly vali-
dated in a sub-sample of this cohort [42]. Physical activity was
assessed using a previously validated questionnaire with a
Spearman correlation coefﬁcient of 0.51 (p < 0.001) with objective
measurements [43]. Physical activity was expressed in metabolic
equivalent tasks (METs-h/week) as calculated from the time spent
at each activity in hours/week multiplied by its typical energy
expenditure [44]. We used the score proposed by Trichopoulou
et al. [45] to assessed the adherence to the Mediterranean food
pattern.
2.4. Ascertainment of mortality
We identiﬁed the occurrence of each new death by means of a
uninterrupted and dynamic follow-up of all participants in the
cohort. All participants were contacted on several occasions every
year, asking for information on eventual changes of postal address.
For each cohort member, we have 3 updated alternative postal
addresses in order to facilitate the contacts during the follow-up
period. Alternatively, we used the participants' emails and phone
numbers to contact them when postal contact failed. In addition,
we contacted regularly with the alumni associations and other
professional associations to request information about participants
who did not return the follow-up questionnaires. Most of deceases
in our cohort (>85%) were reported by next of kin, professionalmmend reductions in saturated fat intake or in red/processed meat
7), http://dx.doi.org/10.1016/j.clnu.2017.06.013
Fig. 1. Multivariable-adjusted Hazard Ratios for all-cause death by each additional
serving of red meat, by categories of age. We observed a signiﬁcant interaction be-
tween age and red meat consumption on all-cause mortality (p for
interaction ¼ 0.0268, both as continuous, 1 df). The model was adjusted for age (10
categories), sex, year of entering the cohort (4 categories), years of university educa-
tion, BMI, smoking (3 categories), alcohol (5 categories), physical activity (MET-h/wk),
hours per day spent watching television, baseline hypercholesterolemia, baseline hy-
pertension, history of depression, history of cardiovascular disease, history of cancer,
history of diabetes, following special diets at baseline, snacking between meals, and
total energy intake.
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Death Index every six months to conﬁrm the vital status of our
participants and to request and complete the data regarding mor-
tality, including the cause of death in our cohort.
2.5. Statistical analysis
We calculatedmeans and SDs for normally distributed variables,
median (p10, p90) for non-normally distributed variables, or pro-
portions of baseline characteristics for descriptive purposes, across
levels of red meat, total meat, processed meat, and redþ processed
meat consumption. Redþ processedmeat category was included in
order to isolate them from white meats. We calculated follow-up
time for each participant taking into consideration the date of
returning the initial questionnaire up to the date of death or up to
the date of returning the last follow-up questionnaire. Death rates
were calculated across baseline categories of meat consumption
(less than 3 servings per week, 3e6 servings per week, 7 servings
per week [once a day], and more than 7 servings per week). We
calculated HR and 95% CI by means of Cox proportional hazards
models using the lowest category of consumption as the reference
category. Age was the underlying time variable, and different de-
grees of adjustment were used: 1) adjusted for sex and age (in 10
categories); 2) additional adjustments for year of entering the
cohort (4 categories), BMI (continuous), years of university educa-
tion (continuous), alcohol use (in 5 categories), smoking (in 3 cat-
egories), physical activity (MET-h/week) (continuous), hours per
day spent watching television (continuous), history of hypercho-
lesterolemia, hypertension, and/or depression, CV disease, cancer,
and/or diabetes, following special diets at baseline, snacking be-
tween meals, and total energy intake (continuous). We also per-
formed all the analyses using as exposure a 1-serving per day
increment (as a continuous variable) in the different types of meat
consumption. Trend tests were calculated using meat consumption
as a continuous variable. Multivariable-adjusted estimates for
restricted cubic splines were used to calculate doseeresponse as-
sociation between SFA intake or red meat consumption and total
mortality. We assessed interactions with age using likelihood ratio
tests in fully adjusted Cox models. We introduced a product-term
with both age and meat servings/d (or SFA intake) as continuous
variable in this term.
We also performed multivariable analyses to examine the HRs
for mortality when we did isocaloric replacements of MUFA, PUFA,
and carbohydrates by SFA, and replaced 100 g of ﬁsh, potatoes,
poultry, eggs, vegetables, fruits and nuts, and cereals by 100 g of red
meat. These variables were incorporated in the same fully-adjusted
model as continuous variables, and the differences in their beta-
coefﬁcients, variances and covariance were used to calculate the
beta-coefﬁcient ± SE for the substitution effect. Subsequently, we
used these parameters to estimate the HRs and 95% CIs.
We performed diverse sensitivity analyses by estimating the
fully adjusted HR for a 1-serving increment in red meat con-
sumption and total meat consumption after changing several as-
sumptions: 1) including only men or women; 2) considering
different allowed limits for total energy intake; 3) adopting allowed
limits for total energy intake from percentile 1 to 99; 4) excluding
participants with history of diabetes at baseline; 5) Excluding
prevalent cancer, CVD, and diabetes; 6) excluding participants with
diagnosis of hypertension and hypercholesterolemia at baseline; 7)
censoring the follow-up time of participants at 6 or 8 years; 8)
excluding early deaths (within the ﬁrst 2 years of follow-up); 89)
adjusting for the Mediterranean diet score calculated as proposed
by Trichopoulou et al. [45], excluding meat and alcohol to avoid
redundancy (maximum score¼ 7 points); 10) including only deaths
occurring at 60 years of age and over; 11) including only cancerPlease cite this article in press as: Dominguez LJ, et al., Should we reco
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with Stata software package version 12 (Stata Corp). Statistical
signiﬁcance was set at 2-tailed P values < 0.05. Values in the text
are means ± SDs unless otherwise speciﬁed.3. Results
During 176,916 person-years follow-up from 1999 to 2015
(mean follow-up: 9.5 years; range: 0.06e15.8 years), we observed
255 deaths in the SUN cohort, after exclusions. The mean age at
death was 56.4 ± 15.7 years (range: 20e91 years); 73% of partici-
pants were aged 45 years at recruitment. As expected, because of
higher prevalence of hypertension, hypercholesterolemia, diabetes,
and cancer, crude death rates were higher among participants older
than 45 years. We found a statistically signiﬁcant interaction be-
tween age and red meat consumption on all-cause mortality (p for
interaction ¼ 0.027) with a positive association between red meat
consumption and all-cause death only present in participants older
than 45 years (Fig. 1). This signiﬁcant interaction was also present
for processed meat consumption (p for interaction¼ 0.013), and for
total meat consumption, which was marginally signiﬁcant (p for
interaction ¼ 0.075) (Fig. 2). Therefore, we analysed separately
participants over and under 45 years of age.
Table 1 shows baseline characteristics of participants older than
45 years according to extreme categories (<3 and >7 servings/
week) of total, red, and processed meat consumption. Participants
in the highest category of consumption (>7 servings/week) of total,
red and processed meat vs. those with the lowest consumption (<3
servings/week) were more likely to be men, married, current
smokers, have a higher (though moderate) alcohol consumption,
history of diabetes, and a higher total energy intake. These partic-
ipants had lower levels of leisure-time physical activity and were
less likely to be on special diets. Participants with a previous history
of depression, hypertension, and CV disease at baseline tended to
have lower consumption of all types of meat, possibly related to
lower total energy intake in the former, and to previous medical
advice of limiting excessive meat consumption for those with ammend reductions in saturated fat intake or in red/processed meat
), http://dx.doi.org/10.1016/j.clnu.2017.06.013
Fig. 2. Multivariable-adjusted Hazard Ratios for all-cause death by each additional
serving of total meat, by categories of age. We observed a marginally signiﬁcant
interaction between age and total meat consumption on all-cause mortality (p for
interaction ¼ 0.0746). The model was adjusted for age (10 categories), sex, year of
entering the cohort (4 categories), years of university education, BMI, smoking (3
categories), alcohol (5 categories), physical activity (MET-h/wk), hours per day spent
watching television, baseline hypercholesterolemia, baseline hypertension, history of
depression, history of cardiovascular disease, history of cancer, history of diabetes,
following special diets at baseline, snacking between meals, and total energy intake.
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sumption of processed meat had a higher frequency of between-
meal snacking.
Participants with higher consumption of total, red and pro-
cessed meat were more likely to eat less fruit, but more likely to
consume more ﬁsh, cereals, and whole dairy products. Unsurpris-
ingly, participants with higher intake of total, red and processed
meat had higher mean intake of total fat, SFA, and iron from haem
sources.
A signiﬁcantly positive linear trend in the Cox model was
observed for the associations of red meat consumption, total meat
consumption, and red þ processed meat consumption with all-
cause mortality after adjustment for sex and age (Table 2). An
additional serving/d of red meat consumption, total meat con-
sumption, or red þ processed meat consumption was signiﬁcantly
associated with higher all-cause mortality in the fully-adjusted
model (Table 2). White meat consumption was not associated
with mortality (Table 8, supplemental ﬁles).
An additional serving/d of processed meat was signiﬁcantly
associated with all-cause mortality after adjustment for sex and
age, while it did not remain signiﬁcant in the fully-adjusted model
(Table 2). It is noteworthy that most participants aged over 45 years
belonged to the lowest consumption category (<3 servings/week)
(n ¼ 3276) with very few of them belonging to the highest con-
sumption (7 servings/week, n ¼ 96; >7 servings/week, n ¼ 195).
The small number of observed fatalities in these categories may
explain the lack of statistical signiﬁcance for the positive linear
trend. Notwithstanding, when processed meat was combined with
red meat, the models reached statistical signiﬁcance regardless of
the potential confounders included as covariates.
For SFA, among participants older than 45 years, a positive trend
in the Cox models for energy-adjusted quintiles of SFA intake was
apparent, but it did not reach statistical signiﬁcance, both, after
adjustment for sex and age and in the fully-adjusted model
(Table 3). No signiﬁcant association with mortality was observed
when participants older than 45 years in extreme quintiles of SFA
were compared or comparing SFA intake >10% vs 10% of total
calories in all participants, young and old (data not shown).
In substitution models, isocaloric substitution of SFA for MUFA
or carbohydrates resulted in signiﬁcant higher mortality risk.Please cite this article in press as: Dominguez LJ, et al., Should we reco
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100 g of red meat resulted in higher mortality risk (Table 4).
Figure 3 shows the doseeresponse association between SFA
intake (panel A), redmeat consumption (panel B) or processedmeat
consumption (panel C) and total mortality in participants aged 45
years and over. A clear positive association between increasing g/
day of red meat and all-cause mortality was found, starting with a
dose of 190 g/day. Conversely, the relationship was not linear and
non-signiﬁcant for SFA intake with wide conﬁdence intervals in the
highest levels of intake. In our spline analyses, the steepest slope for
the point estimate of the positive association between consumption
and mortality was observed for processed meats, however, the
conﬁdence intervalswerewide and included thenull value across all
the range of consumption, and the overall consumption was lower
for processed meats than for red meats (Fig. 3 panel C).
Several sensitivity analyses were carried out in order to appraise
the robustnessof ourﬁndings (Tables 5 and6).Whenweassessed red
meat consumption as a continuous variable in the main analysis, for
each additional serving/day, the mortality relative risk increment
was 47%. This association remained signiﬁcant in most sensitivity
analyses after considering only men, allowing for energy limits be-
tweenpercentiles 1 and99, censoring follow-up at 6 years, excluding
early deaths (those occurring during the ﬁrst 2 years of follow-up),
excluding external causes of death, or adjusting for an overall
healthy dietary pattern (i.e., the Mediterranean diet score). The an-
alyses showed a positive association but they did not remain statis-
tically signiﬁcant when considering only women, in which case the
number of events was very low, excluding participants with hyper-
tension and hypercholesterolemia at baseline, excludingparticipants
with cancer, CVD, and diabetes at baseline, censoring follow-up at 8
years, or including only CV deaths. They were marginally signiﬁcant
when adopting different allowed limits for total energy intake, after
excluding prevalent diabetes, including only deaths occurring at60
years of age, or including only cancer deaths.
When we assessed total meat consumption as a continuous
variable in the main analysis, for each additional serving per day,
the mortality relative risk increment was 23%. This association
remained signiﬁcant when considering only men, excluding prev-
alent diabetes, early deaths, or external causes of death, adjusting
for Mediterranean diet score, and including only deaths occurring
after 60 years of age. The relationship was marginally signiﬁcant
when allowing for energy limits between percentiles 1 and 99.
Analyses on participants aged 45 years or younger were not
statistically signiﬁcant and are shown in the Supplemental ﬁles
(Tables 9 and 10).
4. Discussion
Using data from a prospective, large, well-characterized cohort
of Spanish university graduates, we found: 1) that age modiﬁed the
relation between meat consumption and all-cause mortality; 2) a
signiﬁcant, independent, and strong association between red, total,
and red þ processed meat consumption and all-cause mortality
among participants aged >45 years, which remained signiﬁcant in
most sensitivity analyses; 3) a non-signiﬁcant and even not linear
association between SFA intake and all-cause mortality. Our ﬁnd-
ings, derived from analyses in the same prospective cohort,
strengthen the importance of limiting meat consumption and to
include more explicitly this advice in dietary guidelines addressed
to the general public. This could have implications for national di-
etary policies and guidelines of dietary recommendations.
The effects of meat consumption on human health outcomes
have been extensively examined [6e22]. Most studies [6e18] have
shown a signiﬁcant association of red and processed meat con-
sumption with all-cause, cancer, and CV mortality. Fewer reportsmmend reductions in saturated fat intake or in red/processed meat
7), http://dx.doi.org/10.1016/j.clnu.2017.06.013
Table 1
Baseline characteristics of participants according to extreme categories of total meat, redmeat, and processedmeat consumption among participants older than 45 years in the
SUN (“Seguimiento Universidad de Navarra”) cohort, 1999e2015.
Total meat Red meat Processed meat
Low
<3 servings/week
High
>7 servings/week
Low
<3 servings/week
High
>7 servings/week
Low
<3 servings/week
High
>7 servings/week
N 239 3798 1704 708 3276 195
Women, % 46 41 45 33 45 35
Age, ya 55.0 ± 8.0 53.6 ± 7.0 53.9 ± 7.0 53.8 ± 7.2 54.3 ± 7.3 52.4 ± 6.3
Married, % 68 80 74 79 77 82
University education, ya 5.2 ± 1.8 5.3 ± 1.7 5.3 ± 1.7 5.3 ± 1.8 5.3 ± 1.7 5.1 ± 1.4
BMI, kg/m2 a 24.6 ± 3.2 25.4 ± 3.5 25.1 ± 3.5 25.8 ± 3.7 25.1 ± 3.4 25.8 ± 3.9
Smoking
Current, % 13 19 16 20 17 20
Former smoker, % 46 48 50 49 48 55
Alcohol (g/d)b 1.2 (0, 13.9) 2.1 (0, 15.3) 1.8 (0, 13.9) 3.3 (0, 18) 1.8 (0, 13.3) 5.4 (0, 28.0)
Leisure-time physical activity,
METs-h/wkb
19.6 (3.3, 49.5) 16.5 (2.5, 46.5) 17.1 (2.9, 48.2) 16.3 (2.2, 46.4) 16.8 (2.8, 46.7) 16.3 (0.8, 49.2)
Television watching, h/db 1.2 (0.3, 3.0) 1.3 (0.4, 3.0) 1.3 (0.4, 3.0) 1.4 (0.4, 3.3) 1.3 (0.4, 3.0) 1.3 (0.4, 3.3)
History of depression at baseline, % 2.5 1.2 1.8 1.3 2.0 1.0
Hypertension at baseline, % 22 18 20 18 20 17
Hypercholesterolemia at baseline, % 34 33 34 30 35 27
History of cardiovascular disease, % 6.3 2.8 3.9 2.8 3.5 2.1
History of cancer, % 8.0 5.3 6.0 6.4 6.1 5.6
History of diabetes, % 2.1 4.5 3.8 5.7 4.7 6.2
Total energy intake, kcal/d 1990 ± 759 2521 ± 761 2206 ± 728 2795 ± 813 2257 ± 712 3233 ± 817
Adoption of special diets, % 17 10 13 9.9 13 5.6
Between-meal snacking, % 26 25 25 27 23 37
Dietary consumption
Vegetables (g/d)b 537 (202, 1102) 520 (245, 992) 525 (219, 1040) 508 (236, 985) 523 (231, 1006) 524 (230, 1202)
Fruit (g/d)b 340 (128, 961) 331 (119, 755) 343 (119, 878) 297 (112, 732) 342 (125, 802) 331 (103, 847)
Legumes (g/d)b 16 (4, 38) 21 (12, 38) 21 (8, 34) 21 (12, 47) 21 (8, 34) 25 (12, 51)
Cereals (g/d)b 81 (15, 193) 92 (26, 206) 81 (21, 199) 94 (27, 214) 81 (21, 201) 107 (30, 214)
Whole bread (g/d)b 0 (0, 60) 0 (0, 60) 0 (0, 60) 0 (0, 28) 0 (0, 60) 0 (0, 28)
Nuts (g/d)b 3 (0, 50) 3 (0, 21) 3 (0, 39) 3 (0, 21) 3 (0, 21) 3 (0, 21)
Olive oil (g/d)b 13 (4, 35) 14 (5, 35) 13 (5, 35) 15 (6, 42) 14 (5, 35) 18 (8, 43)
Eggs (g/d)b 9 (0, 26) 26 (9, 47) 26 (4, 26) 26 (9, 47) 26 (4, 26) 26 (7, 47)
Fish and other seafood (g/d)b 86 (20, 190) 106 (48, 182) 100 (41, 183) 116 (49, 212) 105 (43, 182) 120 (55, 244)
Whole dairy products (g/d)b 51 (3, 329) 102 (19, 385) 75 (10, 354) 123 (21, 398) 75 (12, 346) 162 (33, 542)
Low-fat dairy products (g/d)b 157 (0, 539) 200 (0, 554) 200 (0, 575) 161 (0, 541) 203 (0, 575) 157 (0, 508)
Coffee (cups/d)b 5 (0, 6) 5 (0, 6) 5 (0, 6) 5 (0, 6) 5 (0, 6) 5 (0, 6)
Dietary intakes
Carbohydrate (% of energy) 51 ± 9.3 43 ± 7.4 47 ± 8.1 40 ± 7.2 46 ± 8.0 39 ± 7.0
Protein (% of energy) 16 ± 3.6 19 ± 3.3 18 ± 3.6 20 ± 3.4 19 ± 3.6 19 ± 3.1
Total fat (% of energy) 31 ± 8.2 36 ± 6.3 33 ± 7.1 38 ± 5.9 34 ± 6.7 40 ± 5.4
MUFAs (% of energy) 14 ± 4.9 16 ± 3.7 15 ± 4.1 17 ± 3.5 15 ± 3.9 17 ± 3.2
SFAs (% of energy) 9.0 ± 3.6 12 ± 3.1 10 ± 3.2 14 ± 2.9 11 ± 3.2 14 ± 2.9
PUFAs (% of energy) 4.7 ± 1.9 5.2 ± 1.5 5.0 ± 1.6 5.3 ± 1.5 5.0 ± 1.6 5.5 ± 1.4
Vitamin C (mg/d)b 286 (122, 640) 275 (141, 520) 288 (132, 561) 263 (134, 480) 280 (136, 530) 295 (128, 609)
Vitamin D (mcg/d)b 2.6 (1.1, 6.6) 3.0 (1.5, 6.9) 2.8 (1.3, 6.8) 3.3 (1.6, 7.0) 2.8 (1.4, 6.7) 3.7 (2.0, 9.2)
Iron from haem sources (mg/d)a 16 ± 7.1 19 ± 6.3 17 ± 6.4 20 ± 6.3 17 ± 6.2 23 ± 7.0
Folate (mcg/d)a 466 ± 230 459 ± 212 458 ± 216 457 ± 202 456 ± 215 500 ± 229
Dietary ﬁbre (g/d)b 30 (16, 62) 29 (17, 50) 30 (16, 54) 29 (17, 50) 29 (17, 51) 32 (19, 55)
MET: metabolic equivalent task; MUFA: monounsaturated fatty acid; SFA: saturated fatty acid; PUFA: polyunsaturated fatty acid.
a Values are mean ± SD for normally distributed variables, unless otherwise stated.
b Values are median (p10, p90) for non-normally distributed variables.
L.J. Dominguez et al. / Clinical Nutrition xxx (2017) 1e10 5showing null results on this association [19e22] involved pop-
ulations with moderate meat consumption and different ethnicity,
i.e., Japanese [20,22], or were not extensive enough to omit small/
moderate differences for speciﬁc causes of death [21]. In studies
comparing non-vegetarians with vegetarians [13,14,16,18], the as-
sociation of meat consumption and mortality may also be ascribed
to other lifestyle components. Likewise, dietary patterns linked to a
healthy lifestyle, such as the Mediterranean diet [11], may have
other beneﬁcial aspects in addition to low-meat consumption. Our
results remained signiﬁcant regardless of adjustments for multiple
lifestyle confounders, and for the adherence to Mediterranean diet,
underscoring the independent detrimental effect of an excessive
consumption of meat.
Our assessment of participants older than 45 years is supported
by two facts. First, most causes of death before 45 years are less
likely to be related to major chronic disease. Second, most previousPlease cite this article in press as: Dominguez LJ, et al., Should we reco
consumption? The SUN prospective cohort study, Clinical Nutrition (2017cohorts included participants older than those in the SUN cohort.
Therefore, this decision provides a stronger basis for assessing
consistency with the results of previously published cohorts. One of
our novel ﬁndings is the evidence for an interaction with age, that
should be replicated in other cohorts also including participants
with a wide range of ages. Red/processed meat consumption was
signiﬁcantly associated with mortality in participants >45 years,
while it was not signiﬁcant for younger participants. As expected,
younger participants had few deaths, being age the main risk factor
for CV disease [46] and cancer [47]. The interaction with age is also
plausible because of the time lag needed for the pathophysiologic
development of these conditions.
Our results inparticipants older than45years are consistentwith
most previous studies. In large US and European cohorts, meat-
associated increased mortality risk was independent of smoking,
obesity and other lifestyle confounders [7,9,10]. Four meta-analysesmmend reductions in saturated fat intake or in red/processed meat
), http://dx.doi.org/10.1016/j.clnu.2017.06.013
Table 2
Association between meat consumption and mortality among participants older than 45 years in the SUN (“Seguimiento Universidad de Navarra”) cohort, 1999e2015.a
Red meat Categories of red meat consumption Red meat consumption as a
continuous variable
<3 servings/wk 3e6 servings/wk 7 servings/wk >7 servings/wk For 1 additional
serving/d
P-trend
n 1704 2290 176 708
Deaths 55 92 7 44
Person-years 15,832 21,252 1563 6390
Crude mortality rate (103) 3.47 4.33 4.48 6.89
Age-, sex-adjusted HR 1 (ref.) 1.20 (0.86, 1.68) 1.28 (0.58, 2.83) 1.83 (1.23, 2.73) 1.38 (1.07, 1.77) 0.012
Multivariate-adjusted HRb 1 (ref.) 1.28 (0.89, 1.84) 1.19 (0.52, 2.74) 1.86 (1.19, 2.93) 1.47 (1.06, 2.04) 0.022
Processed meat Categories of processed meat consumption Processed meat consumption
as a continuous variable
<3 servings/wk 3e6 servings/wk 7 servings/wk >7 servings/wk For 1 additional
serving/d
P-trend
n 3276 1311 96 195
Deaths 130 49 10 9
Person-years 30,109 12,233 858 1836
Crude mortality rate (103) 4.32 4.01 11.66 4.90
Age-, sex-adjusted HR 1 (ref.) 1.06 (0.76, 1.49) 1.70 (1.39, 5.22) 1.52 (0.77, 3.02) 1.37 (1.00, 1.87) 0.047
Multivariate-adjusted HRb 1 (ref.) 1.08 (0.75, 1.56) 2.21 (1.06, 4.60) 1.57 (0.76, 3.24) 1.35 (0.96, 1.91) 0.082
Total meat Categories of total meat consumption Total meat consumption as a
continuous variable
<3 servings/wk 3e6 servings/wk 7 servings/wk >7 servings/wk For 1 additional
serving/d
P-trend
n 239 527 324 3788
Deaths 11 17 10 160
Person-years 2087 5011 3020 34,917
Crude mortality rate (103) 5.27 3.39 3.31 4.58
Age-, sex-adjusted HR 1 (ref.) 0.73 (0.34, 1.57) 1.00 (0.42, 2.41) 1.18 (0.63, 2.21) 1.23 (1.08, 1.40) 0.002
Multivariate-adjusted HRb 1 (ref.) 0.65 (0.29, 1.44) 0.66 (0.26, 1.66) 1.04 (0.53, 2.02) 1.23 (1.05, 1.45) 0.012
Red þ Processed meat Categories of red þ processed meat consumption Red þ processed meat
consumption as a continuous
variable
<3 servings/wk 3e6 servings/wk 7 servings/wk >7 servings/wk For 1 additional
serving/d
P-trend
n 392 1293 485 2708
Deaths 17 44 16 121
Person-years 3528 11,996 4579 24,933
Crude mortality rate (103) 4.82 3.67 3.49 4.85
Age-, sex-adjusted HR 1 (ref.) 0.93 (0.53, 1.64) 0.81 (0.41, 1.62) 1.26 (0.75, 2.10) 1.28 (1.08, 1.52) 0.005
Multivariate-adjusted HRb 1 (ref.) 1.03 (0.57, 1.88) 0.86 (0.41, 1.78) 1.31 (0.75, 2.30) 1.32 (1.05, 1.65) 0.018
SUN, Seguimiento Universidad de Navarra.
a Values are HR estimated with Cox regression and 95% conﬁdence intervals (CI). If the CI includes 1.00, the results are not signiﬁcant, P > 0.05 (2-tailed).
b HR adjusted for age (10 categories), sex, year of entering the cohort (4 categories), years of university education, body mass index, smoking (3 categories), alcohol (5
categories), physical activity (METs-h/wk), hours per day spent watching television, baseline hypercholesterolemia, baseline hypertension, history of depression, history of
cardiovascular disease, history of cancer, history of diabetes, following special diets at baseline, snacking between meals, and total energy intake.
L.J. Dominguez et al. / Clinical Nutrition xxx (2017) 1e106available [23e26] showed a signiﬁcant relationship despite high
between-study heterogeneity and substantial variability in types of
meat andmortality outcomes assessed.Overall, the relationshipwas
more signiﬁcant for processed meat consumption attributed to itsTable 3
Association between SFA intake and mortality among participants older than 45 years in
SFA Quintiles of energy-adjusted SFA intakeb
Q1 Q2 Q3 Q4
n 983 983 983 98
Median intake (% calories from SFA) 21 27 31 35
Deaths 43 28 37 47
Person-years 9038 8941 9005 89
Crude mortality rate (103) 4.76 3.13 4.11 5.2
Age-, sex-adjusted HR 1 (ref.) 1.03 (0.63, 1.68) 1.11 (0.71, 1.74) 1.6
Multivariate-adjusted HRc 1 (ref.) 0.96 (0.57, 1.63) 1.16 (0.71, 1.88) 1.6
a Values are HR estimated with Cox regression and 95% CI. If the CI includes 1.00, the res
b The residual method was used to adjust for total energy intake.
c HR adjusted for age (10 categories), sex, year of entering the cohort (4 categories),
physical activity (MET-h/wk), hours per day spent watching television, baseline hypercho
disease, history of cancer, history of diabetes, following special diets at baseline, snackin
Please cite this article in press as: Dominguez LJ, et al., Should we reco
consumption? The SUN prospective cohort study, Clinical Nutrition (201higher content of cholesterol, SFA, salt, nitrite, hem-iron, polycyclic
aromatic hydrocarbons, and heterocyclic amines [48,49]. We found
a signiﬁcant positive trend for the association of processed meat
consumption with all-cause mortality, adjusting for sex and age.the SUN (“Seguimiento Universidad de Navarra”) cohort, 1999e2015.a
SFA intake as a continuous variable
Q5 For additional 5% of energy from SFA P-trend
3 983
41
43
73 9079
4 4.74
1 (1.05, 2.48) 1.23 (0.79, 1.90) 1.15 (0.94, 1.39) 0.171
0 (1.01, 2.55) 1.21 (0.74, 1.97) 1.20 (0.96, 1.49) 0.106
ults are not signiﬁcant, P> 0.05 (2-tailed). SUN, Seguimiento Universidad de Navarra.
years of university education, BMI, smoking (3 categories), alcohol (5 categories),
lesterolemia, baseline hypertension, history of depression, history of cardiovascular
g between meals, and total energy intake.
mmend reductions in saturated fat intake or in red/processed meat
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Table 4
Substitution models of meat consumption, SFA intake and mortality in participants
older than 45 years in the SUN (“Seguimiento Universidad de Navarra”) cohort,
1999e2015.a
For each 5% of total
energy intake
P-value
Isocaloric replacement
SFA replaces MUFA
Age-, sex-adjusted HR 1.28 (0.95, 1.73) 0.103
Multivariate-adjusted HRb 1.41 (1.03e1.93) 0.034
SFA replaces PUFA
Age-, sex-adjusted HR 1.09 (0.82e1.45) 0.552
Multivariate-adjusted HRb 1.17 (0.87e1.58) 0.288
SFA replaces CHO
Age-, sex-adjusted HR 1.28 (1.00e1.66) 0.054
Multivariate-adjusted HRb 1.34 (1.02e1.75) 0.037
Non-isocaloric replacement
Red meat (100 g) replaces 100 g of ﬁsh
Age-, sex-adjusted HR 1.14 (0.76e1.71) 0.523
Multivariate-adjusted HRb 1.14 (0.76e1.71) 0.533
Red meat (100 g) replaces 100 g of potatoes
Age-, sex-adjusted HR 1.14 (0.80e1.61) 0.467
Multivariate-adjusted HRb 1.04 (0.71e1.53) 0.823
Red meat (100 g) replaces 100 g of poultry
Age-, sex-adjusted HR 1.02 (0.67e1.54) 0.944
Multivariate-adjusted HRb 1.07 (0.71e1.62) 0.739
Red meat (100 g) replaces 100 g of eggs
Age-, sex-adjusted HR 3.43 (1.19e9.90) 0.023
Multivariate-adjusted HRb 3.01 (0.99e9.16) 0.053
Red meat (100 g) replaces a serving of vegetables
Age-, sex-adjusted HR 1.57 (1.25e1.98) <0.001
Multivariate-adjusted HRb 1.51 (1.15e1.97) 0.003
Red meat (100 g) replaces 100 g of fruits & nuts
Age-, sex-adjusted HR 1.39 (1.12e1.72) 0.002
Multivariate-adjusted HRb 1.37 (1.07e1.75) 0.013
Red meat (100 g) replaces 100 g of cereals
Age-, sex-adjusted HR 1.43 (1.11e1.84) 0.005
Multivariate-adjusted HRb 1.41 (1.04e1.87) 0.024
a Values are HR estimated with Cox regression and 95% CI. If the CI includes 1.00,
the results are not signiﬁcant, P > 0.05 (2-tailed). SUN, Seguimiento Universidad de
Navarra.
b HR adjusted for age (10 categories), sex, year of entering the cohort (4 cate-
gories), years of university of education, BMI, smoking (3 categories), physical ac-
tivity (MET-h/wk), hours per day spent watching television, baseline
hypercholesterolemia, baseline hypertension, history of depression, history of car-
diovascular disease, history of cancer, history of diabetes, prescription of special
diets at baseline and snacking between meals.
L.J. Dominguez et al. / Clinical Nutrition xxx (2017) 1e10 7However, the statistical signiﬁcance was lost in the fully-adjusted
model. In our Mediterranean cohort, the consumption of high
amounts of processed meat (1 servings per day) was infrequent,
probably as a result of a cultural tradition of moderate consumption
of this type of food, or to consume it in small amount as part of dishes
prepared with other components. We included analyses combining
red and processedmeat to isolate their effect from that of white and
other types of meat. In these analyses, where participants in the
higher categories of consumption and the number of events
increased, we found a signiﬁcant relationship of red þ processed
meat consumption with mortality risk. White meat consumption
alone was not associated with mortality. In a recent Danish study
replacing meat by vegetables or potatoes was associated with a
reduced risk of myocardial infarction [50], similarly, we found that
substituting vegetables, fruits & nuts, and cereals for red meat
resulted in higher mortality risk.
Our observed signiﬁcant interaction between age and red/pro-
cessed meat consumption on all-cause mortality has some public
health implications. Messages of prevention may not be easily
followed by younger persons who are asymptomatic and unaware
of the later negative consequences of lifestyle. Our results suggest
that the general public should become aware of the long-term
harmful consequences of excessive meat consumption, and mes-
sages should be explicit and plain.Please cite this article in press as: Dominguez LJ, et al., Should we reco
consumption? The SUN prospective cohort study, Clinical Nutrition (2017Concerning SFA intake, our analyses suggested an association
with all-cause mortality that was non-linear. The doseeresponse
analysis was clearly non-signiﬁcant with wide variability probably
reﬂecting the various dietary sources of SFA and the lack of speci-
ﬁcity of this parameter, conﬁrming the results of previous studies
[26e29] and the controversial and doubtful nature of considering
SFA intake a predictor of mortality. Similarly to what is found in the
literature, the sources of SFA are very varied. For example, compo-
nents that have shown beneﬁt such as olive oil, in addition to its
high content of MUFA, also contains SFA. Such SFA sources may not
be associated with increased mortality. On the contrary, not all the
variability in SFA intake comes from meats. As shown in Table 7
(supplemental ﬁles), sausages, pork, and lamb have a small contri-
bution to the variability of SFA intake in our study population. As in
other dietary guidelines, the 2015e2020 DGA advise limiting SFA
[32], probably generating an unclear message about which type of
food people might choose or avoid, instead of giving clear food-
based recommendations to reduce red/processed meat. There is a
need for rendering food-based guidelines more practical, scientiﬁ-
cally sound, and easily understandable. When we considered
isocaloric replacement of MUFA by SFA we observed a higher mor-
tality risk, in accordance with results from previous studies [26,30],
denoting the importance of not considering all fats as detrimental.
Diet structure has changed since the 70's towards an increased
consumption of animal-source foods including meat and processed
foods, together with increased sedentary lifestyles. Dietary modi-
ﬁcations were not recognized until the rise in hypertension, dia-
betes, and obesity was clearly apparent worldwide. Dietary changes
were probably linked to relative food price variations since World
War II, which may have been purposeful and relate to agricultural
policies [3,51]. The worrying consequences of excessive meat con-
sumption may be perpetuated if dietary recommendations are not
explicitly delivered, while the opportunity to change the current
alarming trends of otherwise preventable diseases and related
mortality will continue to be missed.
Certainly, meat consumption cannot be considered in isolation
because people eat combinations of foods. Our results, after multiple
adjustments including the overall food pattern, indicate an indepen-
dent effectof excessivemeat consumptiononmortality. Nevertheless,
it is essential to consider the context in which meat consumption is
evaluated. For example, the effects seem to differ inAsianpopulations
[20,22,26]; in low-income countries small amounts of added meat
may signiﬁcantly improve micronutrient deﬁcits [3]. The novelty of
our results relies on three points: 1)We compared in the same cohort
the rates of all-cause mortality associated with red/processed meat
and with SFA. This is relevant because recommendations in some
dietary guidelines are not clear or straightforward. This is crucial
because the detrimental effects of red/processed meat should not be
hidden behind a generic recommendation of limiting SFA. 2) We
found that agemodiﬁed the relationship betweenmeat consumption
and all-cause mortality, with a more detrimental effect at advanced
ages. Our cohort allows this type of analysis because it comprises a
wide range of age. 3) No previous longitudinal study has reported
these ﬁndings in a Mediterranean country.
Our study has several strengths, such as a large sample size,
prospective design, long-lasting follow-up, high retention rate, pos-
sibility to control for a wide array of confounding factors, including
demographic confounders, diverse lifestyle parameters, and several
sensitivityanalyseswhere the results remained robust or indicating a
positive association (though conﬁdence intervals in some cases were
wide due to sample size reduction by splitting the sample).
There are also some potential limitations of our study, including
the use of self-reported information, even if parameters such as
self-reported weight and BMI have been previously validated [40].
Our cohort is composed of highly educated persons, with lowmmend reductions in saturated fat intake or in red/processed meat
), http://dx.doi.org/10.1016/j.clnu.2017.06.013
Fig. 3. Doseeresponse association between SFA intake (panel A), red meat consumption (panel B), or processed meat consumption (panel C) and total mortality in participants aged
>45 years in the SUN cohort. Multivariable-adjusted estimates, restricted cubic splines.
Table 5
Sensitivity analyses: Multivariable-adjusted Hazard Ratios of all-cause mortality associated with 1 additional serving/d of red meat (among participants older than 45 years in
the SUN Project, 1999e2015).a
n Deaths, n HR (95% CI)b P-trendb
All participants >45 years (main analysis) 4878 198 1.47 (1.06, 2.04) 0.022
Including only men 2862 168 1.50 (1.06, 2.12) 0.023
Including only women 2016 30 1.49 (0.47, 4.74) 0.502
Energy limits: percentiles 1e99d 5339 242 1.43 (1.05, 1.95) 0.025
Energy limits: 500e3500 (women) & 800e4000 kcal/d (men)d 5186 234 1.43 (0.99, 2.06) 0.054
Excluding prevalent diabetes 4666 177 1.42 (0.99, 2.03) 0.058
Excluding prevalent cancer, CVD, and diabetes 4284 132 1.14 (0.71, 1.84) 0.578
Excluding hypertension and hypercholesterolemia at baseline 2795 92 1.42 (0.91, 2.23) 0.123
Censoring follow-up at 8 y 4878 123 1.25 (0.81, 1.92) 0.318
Censoring follow-up at 6 y 4878 90 1.70 (1.05, 2.77) 0.031
Excluding early deaths (ﬁrst 2 y) 4847 167 1.42 (1.02, 1.99) 0.040
Excluding external causes of death 4866 186 1.52 (1.10, 2.10) 0.010
Adjusting for Mediterranean diet scorec 4878 198 1.45 (1.04, 2.02) 0.027
Including only deaths occurring 60 ye 2971 103 1.46 (0.96, 2.24) 0.080
Including only cancer deaths 4775 95 1.51 (1.00, 2.30) 0.052
Including only cardiovascular deaths 4725 45 1.11 (0.46, 2.68) 0.825
SUN, Seguimiento Universidad de Navarra.
a Values are HR estimated with Cox regression and 95% CI. If the CI includes 1.00, the results are not signiﬁcant, P > 0.05 (2-tailed).
b HR adjusted for age (10 categories), sex, year of entering the cohort (4 categories), years of university education, BMI, smoking (3 categories), alcohol (5 categories),
physical activity (MET-h/wk), hours per day spent watching television, baseline hypercholesterolemia, baseline hypertension, history of depression, history of cardiovascular
disease, history of cancer, history of diabetes, following special diets at baseline, snacking between meals, and total energy intake.
c The Mediterranean score was calculated as proposed by Trichopoulou et al. [45], excluding meat and alcohol to avoid redundancy (maximum score ¼ 7 points).
d The criteria for exclusion here were only based on energy intake, but not on the number of blank items. This is the reasonwhy the number of participants was higher in this
ancillary analysis.
e Participants who did not attain the age of 60 years during follow-up were excluded.
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Table 6
Sensitivity analyses: Multivariable-adjusted Hazard Ratios of all-causemortality associatedwith 1 additional serving/d of total meat (among participants older than 45 years in
the SUN Project, 1999e2015).a
n Deaths, n HR (95% CI)b P-trendb
All participants >45 years (main analysis) 4878 198 1.23 (1.05, 1.45) 0.012
Including only men 2862 168 1.21 (1.02, 1.45) 0.030
Including only women 2016 30 1.40 (0.85, 2.31) 0.190
Energy limits: percentiles 1e99d 5339 242 1.16 (1.00, 1.35) 0.053
Energy limits: 500e3500 (women) & 800e4000 kcal/d (men)d 5186 234 1.16 (0.96, 1.39) 0.128
Excluding prevalent diabetes 4666 177 1.22 (1.02, 1.45) 0.031
Excluding prevalent cancer, CVD, and diabetes 4284 132 1.13 (0.89, 1.44) 0.311
Excluding hypertension and hypercholesterolemia at baseline 2795 92 1.17 (0.89, 1.54) 0.271
Censoring follow-up at 8 y 4878 123 1.19 (0.95, 1.49) 0.135
Censoring follow-up at 6 y 4878 90 1.24 (0.96, 1.59) 0.098
Excluding early deaths (ﬁrst 2 y) 4847 167 1.24 (1.06, 1.47) 0.009
Excluding external causes of death 4866 186 1.25 (1.06, 1.47) 0.007
Adjusting for Mediterranean diet scorec 4878 198 1.22 (1.04, 1.44) 0.015
Including only deaths occurring 60 ye 2971 103 1.30 (1.06, 1.58) 0.011
Including only cancer deaths 4775 95 1.22 (0.95, 1.55) 0.119
Including only cardiovascular deaths 4725 45 1.22 (0.89, 1.66) 0.217
SUN, Seguimiento Universidad de Navarra.
a Values are HR estimated with Cox regression and 95% CI. If the CI includes 1.00, the results are not signiﬁcant, P > 0.05 (2-tailed).
b HR adjusted for age (10 categories), sex, year of entering the cohort (4 categories), years of university education, BMI, smoking (3 categories), alcohol (5 categories),
physical activity (MET-h/wk), hours per day spent watching television, baseline hypercholesterolemia, baseline hypertension, history of depression, history of cardiovascular
disease, history of cancer, history of diabetes, following special diets at baseline, snacking between meals, and total energy intake.
c The Mediterranean score was calculated as proposed by Trichopoulou et al. [45], excluding meat and alcohol to avoid redundancy (maximum score ¼ 7 points).
d The criteria for exclusion here were only based on energy intake, but not on the number of blank items. This is the reasonwhy the number of participants was higher in this
ancillary analysis.
e Participants who did not attain the age of 60 years during follow-up were excluded.
L.J. Dominguez et al. / Clinical Nutrition xxx (2017) 1e10 9frequency of overweight or obese participants and with high levels
of leisure-time physical activity. This may help to explain the
relatively low number of deaths and the consequent width of some
conﬁdence intervals. However, in these participants we found
strong signiﬁcant positive associations between meat consumption
and mortality risk. Regardless of the fact that the SUN cohort is
composed of highly educated participants, the possible validity of
our results in other populations must be based on plausible bio-
logical mechanisms instead of on mere statistical “representative-
ness”. We used restriction in order to reduce potential confounding
by education, socioeconomic status, presence of disease, and
alleged access to health care. Nonetheless, forthcoming studies are
warranted in order to assess the external validity of our results in
other populations. Data originating from FFQ could contain mea-
surement errors that may bias analytical results. However, they are
probably not differential and therefore should any bias have
occurred, it probably would go towards the null. We used an FFQ
that has been repeatedly validated [34e36]; moreover, it is chal-
lenging to ﬁnd a better affordable procedure to characterize food
habits of large samples, surveyed prospectively for long periods of
time, with the intention of assessing their associations with inci-
dent clinical end-points [33].
5. Conclusions
High consumption of red, total, and red þ processed meat was
signiﬁcantly, independently, and strongly associatedwith increased
all-cause mortality among highly educated persons older than 45
years compared with those with low consumption. In the same
cohort, the association between SFA intake and all-cause mortality
was non-signiﬁcant.
Our results are important in the context of an increasing meat
consumption worldwide, particularly in the USA [2]. Regrettably, as
with other dietary guidelines, the recently released 2015e2020 DGA
[32] do not speciﬁcally limit red or total meat consumption, dis-
regarding the compellingevidenceof detrimental effects linked to an
excessive meat consumption [6e18,23e26], and the recent report of
IARC/WHO indicating carcinogenesis of red/processed meat [5].Please cite this article in press as: Dominguez LJ, et al., Should we reco
consumption? The SUN prospective cohort study, Clinical Nutrition (2017The unfavourable effects of excessive red/processed meat con-
sumption may continue if dietary recommendations do not
explicitly include and reinforce the advice to avoid excessive meat
consumption instead of relying in the only and unclear recom-
mendation of limiting SFA.Authorship statement
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